The main purpose of the present study is to assess human dietary exposure to essential and non-essential trace elements via consumption of selected homegrown foodstuffs. Twelve essential and non-essential trace elements (Cd, Co, Cu, Cr, Hg, Mo, Ni, Pb, Sb, Se, Zn and As) were detected in various homegrown foodstuffs. Detailed questionnaires were also applied among a sample of the local population to collect information on sociodemographic characteristics. The results of the present study clearly indicate that the majority of the trace elements are at highly elevated levels in the studied foodstuffs, in comparison to international recommendations. The maximum measured levels of ETE and NETE are as follows [μg kg Capsule abstract: The study merges the accumulation of ETE and NETE in home-grown foodstuffs and reflects considerably high health risks for inhabitants.
Introduction
Vegetables are important components of the human diet, as rich sources of vitamins, minerals, fibre as well as their beneficial antioxidant effects (Ali and Al-Qahtani, 2012) . The uptake and bioaccumulation of metals and metalloids in plant species are influenced by a number of different factors such as climate, atmospheric depositions, background geology and soil composition, the vicinity of roads and industry, as well as the degree of maturity of the plants at the time of harvest (Lake et al., 1984; Votusa et al., 1996) . Certain trace elements have known long half-lives and the majority are not easily biodegradable, so when they accumulate in different parts of the body, where they can remain for long periods and exert harmful effects, especially at certain critical stages of life, such as pregnancy or childhood (Swaddiwudhipong et al., 2014; Hu et al., 2015; Thomas et al., 2015) . This might probably be a result of the lack of proper mechanisms for their removal from the body (Amin et al., 2013) .
Even though some trace elements are essential for normal body function, they can be extremely toxic in high concentrations. The consumption of vegetables rich in trace elements can cause various clinical and physiological conditions in all living organisms; for example, exposure to high doses of trace elements like Pb, Cd and Cu is related to an increased prevalence of upper gastrointestinal cancer (Turkdogan et al., 2002) . Furthermore, all trace elements (essential or nonessential) at exceedingly high concentrations can have adverse effects on human health, as well as on animal and plant health. In addition, this issue becomes even more complex if we take into account that humans are typically exposed to complex mixtures of trace elements and other pollutants on a daily basis, which can even produce biological effects at concentrations that would have negligible effects on their own (Orton et al., 2013) .
The nature of soils and consequently of the background geology are the most important factors in determining the content of trace elements in foodstuffs (Itanna, 2002; Madyiwa et al., 2002) . While the present research area is the metal-rich region in the Osogovo Mountains in Eastern FYR Macedonia, the concentrations of trace elements in surrounding soils are expected to be enriched. The two main regions discussed in this paper are the Makedonska Kamenica region and Kočani agricultural valley, and both are irrigated with water from Lake Kalimanci. According to Mapanda et al. (2005) and Chung et al. (2011) , irrigation with contaminated water may not only result in soil contamination but also affect food quality and safety for end-users. The aforementioned accumulation reservoir (Lake Kalimanci) is being supplied with water from River Kamenica which flows beneath the Sasa tailings dam. This dam stores waste material and waste waters from the nearby lead-zinc Sasa mine. Ten years ago, the aforementioned Sasa tailings dam collapsed and caused an intensive flow of waste material all the way through Kamenica river valley that was deposited in Lake Kalimanci. An evaluation of Lake Kalimanci's contamination status was published in our earlier papers (Vrhovnik et al., 2013a-d) . In summary, the applied enrichment factor (EF) and index of geoaccumulation (I geo ) showed that the most crucial trace elements in surficial Lake Kalimanci sediments are Pb, Zn, Cd, Bi and Ag. Meanwhile the sequential extraction procedure revealed that Cu, Pb, Zn, Ni, Cd, Bi and Hg, as well as Co and Sb, are highly mobile in the exchangeable fraction, which undoubtedly represents an increased environmental risk. This means that the lake's surficial sediments comprise a great number of potentially toxic trace elements which are easily available to nearby living species, and which thus present a great threat to the inhabitants. On the other hand, Lake Kalimanci water was found to be strongly contaminated with Pb, Cd and Se, while other trace elements seem not to have such alarming values. However, it is important to note that when lake water is compared to waters from the Sasa Mine, an interesting pattern is noticed. All the trace elements were expected to be higher in the Sasa Mine waters, but the results revealed that Cr, As, Ag and Se had higher values in the lake water. Furthermore, according to Dolenec et al. (2007) , very high concentrations of Ag, As, Cd, Cu, Mo, Ni, Pb, Sb and Zn were found in the paddy soil samples in the vicinity of the Zletovska River (western part of Kočani Field).
According to Horvath and Gruiz (1996) , lead/zinc mining and smelting activities are some of the primary sources of trace element pollution in the environment. From the 18th to the 20th century, industrialization and intensive mining in Europe and elsewhere caused serious environmental pollution. This consequently forced governments and other environmental agencies to establish regulations specifying maximum allowable contents of pollutants such as trace elements in different media, especially in foodstuffs. This study is very important because the FYR Macedonia has not set up any legislation to control the expansion of trace elements in foodstuffs or other media (soil, water, etc.) . In addition, according to El Sebae (1993), people living in developing countries are at special risk of toxic exposure mainly due to inadequate regulations and a lack of trained personnel or equipment.
The objective of the present study is (1) to quantify the levels of essential trace elements (ETE) as well as non-essential trace elements (NETE): Cd, Co, Cu, Cr, Hg, Mo, Ni, Pb, Sb, Se, Zn and As in selected edible crops from a highly polluted area in FYR Macedonia, (2) to evaluate a bioaccumulation of ETE and NETE in edible crops from the environment (soil and water), (3) to estimate the dietary exposure levels in a sample of population of this region using a previously-validated trace element pollution index, and (4) to assess the influence of some sociodemographic predictors on the estimated exposure.
Materials & methods

Study area and geological setting
The Former Yugoslav Republic of Macedonia (FYRM) lies in south-eastern Europe (between 41°36′ N and 21.7′ E) and covers 25,713 km 2 of the European surface (Fig. 1a) In Osogovo Mountains there are two main ore deposits: SasaToranica and Zletovo, which are connected by the same geology catchment. Important Pb and Zn deposits were formed, always accompanied by variable amounts of Cu, Au, Ag, Mo and Sb (Vrhovnik et al., 2013b) . The ore in the studied area can be found in quartz-muscovitegraphitic schists and also in greenschists and marbles (Vrhovnik et al., 2013b) .
Samples of home-grown foodstuffs were taken from a wide area around Makedonska Kamenica city and from Kočani valley in early November 2013. The names of the cities/villages where samples were obtained are the following: Ćiflik, Sazlak, Podlog, Spančevo, Obleševo, Trkanje, Sasa, Sasa 1, Sasa 2, Orizari, Sokolarci, Kočani and Makedonska Kamenica (Fig. 1b) . In each place several gardens were selected to form a composite pattern. Afterwards, the same foodstuff species were taken from all the selected gardens and used for further analysis as a composite sample. The selection of the foodstuffs was based on an initial survey in the local markets, where the most commonly consumed crops in the region were identified. Based on three different markets, we decided which products were most commonly on sale and could be still available in local gardens. Finally, the following foodstuffs were collected: cabbage, leek, pepper, hot pepper, carrot, lettuce, tomato, onion, wheat, parsley, quince, maize, black maize, pumpkin seed, poppy seed, propolis and pollen.
Study population and questionnaire data
The population study took place in the two municipalities of Kočani and Makedonska Kamenica, which together cover about 24 km 2 of Macedonian territory. Both municipalities are located near several Pb\ \Zn ore deposits. We included inhabitants of all ages, living all the way from the city of Kočani through the agricultural areas up to the Bregalnica River, Lake Kalimanci and Kamenica River, and to the Osogovo Mountains where the biggest Pb\ \Zn active mine is located. The study population was randomly recruited in 2012 from the adult population living in the study area. Out of 180 subjects who were contacted, 87 (48%) agreed to participate, 23 of whom were excluded from the analysis and therefore 64 were finally used. The main reported causes of rejection included: being afraid of losing their job (35%), feeling that the questions were too personal (15%), and not having enough time to complete the interview (2%).
Information on possible predictors of trace element exposure was derived from an ad hoc questionnaire completed by each participant during a personal interview, which was conducted by four trained interviewers at the time of recruitment.
Socio-demographic characteristics included information on sex, age, body weight, residence, occupation and diet. Subjects were classified into four occupational categories: farmers, other manual workers, students and unemployed. Consumption of different foodstuffs (e.g. vegetables, fruits) was gathered as the number of portions consumed per week. 
Chemical analyses
All foodstuffs were washed with tap water just as the inhabitants do before consumption. This procedure lessens the trace element concentrations in foodstuffs, because it removes those which were deposited from dust. The only crop that was not washed was propolis, because it was collected from the locals and it was ready to use.
All samples were analysed for the following elements: Cd, Co, Cu, Cr, Hg, Mo, Ni, Pb, Sb, Se, Zn and As, at an accredited commercial laboratory, ActLabs (Activation Laboratories Ltd., Ancaster, Ontario, Canada), using inductively coupled plasma mass spectrometry (ICP/MS) and microwave digestion. Dry, unwashed samples were digested in Aqua Regia solution 3/1 (v/v) (HNO 3 + 3HCl) at 95°C for 2 h. The resultant sample solutions were then diluted and analysed on a Finnegan Mat Element 2 High Resolution ICP/MS (HR-ICP/MS). The quality of the analysis was monitored by comparison with the standard materials NIST 1575a, NIST 1643e and SLRS-5 provided by ActLabs, and the measurements of four samples were repeated. Results of element concentrations in the studied samples refer to kg of sample. The results indicated a good agreement between the certified and observed values. For reaching the best control, measurements were repeated on 6 different samples and three standards (MP-STD-011, IAEA-407, DORM-3) using X-ray fluorescence (XRF) and inductively coupled plasma atomic emission spectroscopy (ICP-AES). The standard deviations of the means observed for the above-mentioned certified materials were between 1-5%.
All other data used for interpretation (trace element content in sediment, soil and water) were collected from our previous researches (Vrhovnik et al., 2013a (Vrhovnik et al., , 2013b (Vrhovnik et al., , 2013c (Vrhovnik et al., , 2013d Dolenec et al., 2007) .
Estimated daily/weekly intake (EDI/EWI) & health risk index (HRI)
The WHO (1996) recommendations include the need to eat either at least five portions of fruit and vegetables a day, or 400 g of fruit and vegetables a day, and it is often assumed that a standard portion weighs about 80 g. According to the applied questionnaire, inhabitants consume at least 2 portions of vegetables or fruits per day. For the calculation of EDI/EWI, the direct data of portion size and body weight were used from questionnaires for each person. EDI was calculated as described by Oyoo-Okoth et al. (2010) :
HRI was calculated by using EDI and Reference Oral Dose (R f D) adopted by USEPA (2002) , with the following equation: HRI = EDI / R f D.
Total EDI was calculated as the sum of individual EDI values for each trace element.
Statistical analyses
Descriptions of the study variables were performed using means, standard deviations and percentiles (quantitative variables), and frequencies (categorical variables).
Associations between socio-demographic variables and EDI values were assessed by using multivariable linear regression models. We created one model for each EDI, in which the variables age (years), sex (male/female), ethnic group (Macedonian/other), occupation (farmer/ industry or mining/other), and BMI (kg/m 2 ) were all entered. Diagnosis of the models was performed in order to ensure the goodness of fit and the fulfilment of implementation conditions. Generalized standard-error inflation factors were used to verify the absence of collinearity between independent variables, while homoscedasticity was tested by plotting residual against fitted values. The linearity of quantitative independent variables was checked with partial regression plots, and the normality of errors was verified by normal QQ plots with 95% confidence intervals (Fox, 2008) .
The significance level was set at p ≤ 0.05. Data were stored in a database managed by SPSS v20.0 (SPSS, Chicago, IL, USA).
Results and discussion
Population characteristics
According to the CIA (Central Intelligence Agency, 2001), the unemployment rate in FYR Macedonia in 2011 was 31.4%, of which 55% were between 15 and 24 years old; in addition, in 2010, approximately 31% of the population in FYR Macedonia were below the poverty line, which may also be one of the main reasons for having the same diet every day. The living status of inhabitants is presumably low; therefore, their major sources of food are either caught in nearby waters (e.g. fish) or grown in their gardens, where they use water from Lake Kalimanci for irrigation. The Macedonian Public Health Institution Skopje (Simovska-Jarevska et al., 2012) applied a general questionnaire about dietary habits, where only a brief presentation about the Macedonian diet is presented, such as (1) 82% regularly or occasionally consumed vegetables, (2) 82% of respondents regularly consumed milk and/or yogurt, (3) 19% of all consumed fish in accordance with recommendations, (4) 96% of the population consume bread every day, etc. According to the Macedonian Public Health Institution Skopje (Simovska-Jarevska et al., 2012) the presence of non-communicable diseases (NCD) mortality was 75%, while cardiovascular disease morbidity amounted to 57% of the total morbidity.
While the aforementioned data are brief and do not present a detailed picture of our study area, we applied a detailed questionnaire among inhabitants from the researched area, between the two towns of Makedonska Kamenica and Kočani and all the way to Sasa village, near to the Sasa mine.
The main characteristics of the study population and dietary habits are summarized in Table 1 . The population was predominantly male (64%) and Macedonian (90.9%). The median age was 39.5 years and the median BMI was borderline between normal weights and obese, according to the WHO recommendations (Table 1 ). The age range among the questioned inhabitants was from 20 to 76 years. All of the respondents lived near an agricultural area (b5 km) and near industry (b 5 km). The majority of males (all ages) worked in the mining industry, the rest and females were either farmers or unemployed. Young people who stayed home helped their parents, while others moved to the capital to study. 47% of all questioned inhabitants smoke N 20 cigarettes per day, and almost half of the questioned adults consume alcohol (spirits, beer or wine) every day. 91% of inhabitants in the research area drink well water or tap water and 9% buy bottled water. Among dairy products, inhabitants consume 5 to 7 times per week home-produced milk (42%), yogurt (53%) and homemade young cheese (44%). Meat products (chicken, pork, beef, goat, sheep) are consumed 5 to 7 times per week (44%), while fish is included in the diet up to 2 times per week (80%). According to the locals, fish and frogs are caught in nearby lakes or rivers. Some locals also revealed that they also consumed frozen (cod fish) or canned fish.
ETE and NETE levels in home grown products
Concentrations of ETE and NETE in the edible crops are presented in Table 2 , together with existing regulations from different countries. Each value corresponds to the average for the selected species from different localities. In FYR Macedonia the authorities have not yet established any such regulations or safe limits for food despite the rich metal industry in the country. As FYR Macedonia geographically belongs to Europe, we compare the measured values with those settled by the European Union Commission (EC, 2001) but only a few trace elements are included, so other regulations were considered here. Furthermore, the determined concentrations in vegetables from the present study were compared to some of the concentrations in vegetables from some other localities worldwide (Alam et al., 2003; Xilong et al., 2005; Nabulo et al., 2010; Ramirez-Andreotta et al., 2013; Ning et al., 2015) , and they are much higher compared to those. Thus, the present study is of great importance for the health of local inhabitants.
According to the evaluated concentrations of the studied trace elements in different foodstuffs, it can be assumed that the majority of trace elements are present in high concentrations in comparison to the current international recommendations. If these values are compared with the allowable limits adopted by different organisations, there are five elements among the majority samples that greatly exceed the safe limits; these are Cd, Co, Cu, Pb and Zn ( ), closely followed by poppy and pumpkin seeds, onion, parsley, lettuce and others. Lettuce samples contained 59,633 μg kg −1 of Cr, and also pumpkin seed, parsley, quince and leek comprise over 10,000 μg kg −1 of Cr, which is over safe limits. As also exceeds allowable upper limits in three sample groups, with its maximum concentration detected in lettuce (693 μg kg ). Our results confirmed that all the edible crops analysed showed a detectable concentration of at least one of the studied chemicals. However, despite global pollution, there was no unique main dietary source of exposure for ETEs and NETEs, since the main sources of exposure of each chemical were different.
Transfer Factor (TF) relation vegetable to water/soil
To evaluate the accumulation of ETE and NETE in edible crops in relation with water and soils the transfer factor (TF) was calculated (Kalfakakour and Akrida-Demertzi, 2000; Rashed, 2001 ). This provided information of element content in edible crops The TF was given as:
Kalfakakour and Akrida-Demertzi (2000) and Rashed (2001) reported that fauna and flora undergo the bioaccumulation of trace elements from the environment in cases when TF is higher than 1.
To calculate TF relations also ETE and NETE concentrations in water were added to present study. Some of those were previously published in Vrhovnik et al., 2013a Vrhovnik et al., , 2013b Vrhovnik et al., , 2013c Vrhovnik et al., , 2013d , the rest were added. A summary of the levels of ETE and NETE found in water is presented in Table 3 . Values detected in waters from the Makedonska Kamenica area (Lake Kalimanci and River Kamenica), compared to those from Kočani Field (River Bregalnica and Zletovska River) show that the former possess higher levels of ETE and NETE than those from Kočani region. Furthermore, if the measured contents of ETE and NETE are correlated with the Drinking Water Quality Guidelines adopted by WHO (2008) , there are three elements which stand out from the others. These are Pb, Cd and Se, which greatly exceed maximum allowable levels. Information about the ETE and NETE contents in water from surrounding rivers and lakes indicates that home-grown foodstuffs can contain elevated concentrations due to irrigation with contaminated water.
The calculated TF values in the relation of vegetables to water showed that the majority of the studied vegetables have much higher TF than 1, with exception of Hg, Ni, Se and Zn which have TF below 1. The calculated TF sequence follows in the order: Cr N Mo N Cu N Co N Sb N As N Cd N Pb N Hg, Ni N Se, Zn. Much the same results were obtained after applying TF in relation to vegetables in Kočani soils, where Ni and Zn again had values below 1, and the TF sequence was as follows: Mo N Cr N Cd N Cu N Hg N Sb N Pb N Co N As (Se was excluded because it was not measured in the soil samples). Table 3 ETE and NETE contents in waters from the research area (Vrhovnik, 2013) . Sample 
Levels and predictors of EDI/EWI in the study population
A description of the estimated EDI and EWI values for the study population is shown in Table 4 . The highest median EDIs were found for Zn (0.07591 mg) followed by Cr (0.01716 mg), while Hg showed the lowest values (0.00002 mg) followed by Sb (0.00004 mg).
The results of the multivariable linear regression models for the predictors of EDI values in the study population are shown in Table 5 . We found a borderline-significant positive association between age and EDIs for Cd (p = 0.064), and a negative association for Hg (p = 0.053) and Sb (p = 0.054). The lower intake of Hg and Sb for older individuals could be correlated with only a minor intake of certain foodstuffs containing Hg and Sb. Furthermore, BMI was negatively associated with total EDI (p = 0.026), which was also statistically significant for individual EDIs of Cd, Cu, Mo, Ni, Se, Zn; and borderline-significant for Co and Cr. Given that trace element exposure was calculated using dietary habits, this inverse association might be due to a reversed-causality, given that obese people might be on weight-reducing regimes, and therefore have a lower intake of trace elements at the moment of recruitment. In comparison to women, men showed statistically significant lower total EDI levels (p = 0.023), and a similar significant association was also found for most individual EDIs (Cd, Co, Cu, Cr, Mo, Ni, Se, and Zn). We did not find any statistically significant association of EDIs with ethnicity or occupation.
Conclusions
The greatest direct benefit of different earth materials to public health is that surficial soils provide a unique source for food production, either directly consumed by humans or indirectly consumed via livestock. Thus, in both cases, plant nutrition is the result of soil characteristics (e.g. ETE, NETE contents) that ultimately affect human, as well as animal, health and welfare. Both ETE and NETE are naturally present in soils; however, in the present study we show increased concentrations of these elements as a result of anthropogenic inputs, especially related with mining activity and related industry. Not only the background geological composition but also the closeness of unprotected tailing dams additionally increase the atmospheric deposition of trace elements on widespread agricultural areas. In addition, regular irrigation with contaminated waters should not be neglected when evaluating possible reasons for such heavily contaminated foodstuffs.
The present study represents one of the very first attempts to estimate human dietary exposure to ETE and NETE and its predictors in the study region. We identified a set of specific food items that might be important contributors to the exposure to each chemical, as well as certain population subgroups that might be particularly exposed (e.g., women, young people). Exposure assessment to environmental pollutants in developing countries is crucial, given that they might show different patterns of exposure because of specific dietary/lifestyle patterns or inadequate regulations (El Sebae, 1993; Arrebola , 2012) . Further studies are warranted on the assessment of potential health implications of this exposure.
